Abstract. Paranasal meningiomas were diagnosed in ten dogs based on gross and light microscopic examinations of tissue specimens, and, in one case, electron microscopic examination. Seven of ten dogs were female (average age was 13 years). Most dogs (7/10) had seizures on examination. Two dogs with meningioma located in the nasal cavity had nasal discharge, and one had epistaxis. Tumors originated in the nasoparanasal region (eight) and frontal region of the cranial cavity (two). The histologic types of meningioma included psammomatous (two), transitional (three), meningotheliomatous (two), fibroblastic (two), and angioblastic (one). Tumors were malignant and extended to the brain in eight cases. These tumors differed from intracranial meningiomas mainly in their more anaplastic nature and aggressive behavior.
Meningiomas are the second most common neoplasm ofthe central nervous system in the dog8, 16 Most are intracranial, the majority ofwhich have been found on the ventral surface of the brain.'X8 Reported extracranial sites of meningioma in the dog include the spinal cord and subcutaneous t i~s u e .~J~J ' There is at least one report of meningioma involving the frontal sinus and olfactory area. 8 In the cat, meningioma is the most common neoplasm of the central nervous system; most meningiomas in cats arise from the supratentorial meninges and are limited to the meninges covering the cerebral hemisphere^.^ None have been reported in the olfactory area.
In man, extracranial and extraspinal meningiomas are rare; most of those reported developed in the orbit. Rarely, the skin and ear region, and more rarely the paranasal region, are sites of meningioma in man.3,4,6,7J2J Paranasal meningiomas are divided into two groups in human medicine: those that are extensions of intracranial meningiomas and those that are ectopic meningiomas of the paranasal sinuses. 6 The purpose of this report is to describe the clinical, gross, and light microscopic features of ten cases of paranasal meningioma in the dog. Transmission electron microscopic characteristics of one neoplasm also are described. Findings are compared to those in man, and a classification system is proposed based on the system used for these tumors in human medicine.
Materials and Methods
During the course of studying more than 300 sinonasal tumors in the dog, ten paranasal meningiomas were diagnosed. Clinical and gross pathologic data were collected from the medical records. In two dogs, diagnosis was based on examination of tissue obtained by nasal curettage. In the other eight dogs, necropsy was performed. Tissues were fixed in 10% buffered formalin, processed routinely, and stained with hematoxylin and eosin (HE). Tissue for electron microscopy was fixed with Karnovsky's fixative (paraformaldehyde and glutaraldehyde), buffered with s-collidine, postfixed in osmium tetroxide, and embedded in Maraglas epoxy resin. Classification of tumors was based on the classification of meningiomas in man.12.13
Results
Clinical findings in the ten dogs showed that eight dogs had neurologic signs on physical examination; two had nasal discharge; and one of these also had epistaxis (Table 1) . Seven dogs had seizures, most of which occurred a few days before examination. One dog had tetraparesis.
Gross pathologic findings on necropsy in eight dogs showed neoplasms of various sizes in equal numbers on the left and right sides of the nasal cavity. They replaced the turbinates, cribriform plates, and part of the frontal sinuses and extended to the olfactory bulb or frontal lobe of the brain. The tumors were soft or firm, pink to gray-white, lobulated, and in most cases, not well-delineated. Edema and various degrees of hemorrhage and necrosis were seen in the adjoining cerebral tissue in all eight dogs.
Histologic examination of tissue from the ten tumors revealed two psammomatous, three transitional, two meningotheliomatous, two fibroblastic, and one angioblastic meningioma (Table 1) .
Psammomatous meningiomas (two) were characterized by irregular bundles of spindle cells containing numerous psammoma bodies which had a tendency to palisade and form whorls (Fig. 1) . Spindle-shaped Transitional neoplasms (three) consisted mostly of multiple, concentric whorls separated by strands of fibrous stroma. The centers of some whorls contained capillary blood vessels; others contained eosinophilic, degenerating material, and a few had psammoma bodies. The neoplastic cells forming the whorls were round, ovoid, or spindle-shaped with oval or crescent-shaped nuclei containing peripheral chromatin and one or two small nucleoli. The cytoplasm was pale, eosinophilic, and granular. Fibroblastic components of the neoplasms were composed of bundles of spindle cells with areas of nuclear palisading (Fig. 2) . The nuclei were spindle-shaped and contained scattered chromatin, single, small nucleoli, and indistinct cytoplasm. In these areas, zero to two mitotic figures were seen per high power field. One had areas of atypical cells with anaplasia and one to three mitotic cells per high power field. There were many cyst-like spaces surrounded by neoplastic cells and focal areas of degenerating cells (Fig. 3) . Neoplastic tissue invaded the brain and the olfactory mucosa (Fig. 4) . Focal areas of necrosis and neutrophilic accumulation in the neoplasm nearest the brain were also present. Lymphocytic infiltration was seen along the junction of the tumor and the brain.
Meningotheliomatous tumors (two) were characterized by sheets or groups of cells with pale, indistinct, finely-granular cytoplasm, and large, oval nuclei with scattered delicate chromatin and two to three small nucleoli or a single, prominent nucleolus. Some nuclei had thin, rod-like structures of nuclear material (folded nuclei; Fig. 5 ). Mitotic figures (zero to one per high power field) and psammoma bodies were rarely seen. There were focal areas of xanthomatous changes. Neoplastic tissue invading the brain was characterized by large areas of necrosis and thrombosis of the vessels.
Fibroblastic neoplasms (two) were characterized by interlacing bundles of spindle cells with pale, ill-defined, eosinophilic, granular cytoplasm; the rod-shaped nuclei had fine, scattered chromatin and not-so-prominent nucleoli. Neoplastic cells were associated with thin, fibrocollagen fibers. The number of mitotic figures varied from zero to four per high power field (Figs. 6,   7 ). There were areas of nuclear palisading, rare whorls, and occasional psammoma bodies. The tumors infiltrated the brain creating massive hemorrhage in adjacent areas. In the dog with a history of falling down stairs, massive areas of hemorrhage also were seen in the rest of the cerebrum and the brainstem.
The angioblastic neoplasm (one) was cellular and contained large, central vessels in most areas, but there also were irregular spaces associated with the neoplastic cells (Fig. 8) . The tumor infiltrated the brain, and areas of necrosis and neutrophilic accumulation were seen. The invading neoplastic cells formed looselyarranged capillary structures. Mitotic figures were rarely seen (zero to two per high power field).
Tissue from dog 9 was submitted for ultrastructural examination by electron microscope. The specimen consisted of solid sheets of fusiform cells with prominent, interlocking cell processes joined by numerous, relatively small desmosomes (Figs. 9, 10 ). Nuclei were irregularly shaped and contained marginated chromatin and inconspicuous nucleoli (Fig. 9) . Poorly-preserved cytoplasm displayed swollen mitochondria, clusters of ribosomes, and short cisternae of rough endoplasmic reticulum (Fig. 10) . Intracytoplasmic filaments were not identified. Scanty intercellular spaces contained procollagen fibrils. These findings confirmed the diagnosis of meningothelial meningioma.
Discussion
In addition to being primary, extracranial meningioma can result from direct extension of an intracranial meningioma or extracranial metastasis of an intracranial meningioma. In dogs 1 and 2, in which psammomatous meningiomas were diagnosed, the clinical, radiologic, and intra-operative findings revealed tumors in the sinonasal region. Both dogs have survived for more than one year with recurrence but without neurologic signs which supports this contention.
In the other eight dogs, detailed necropsies were done; the tumors were located both grossly and histologically in the olfactory, turbinate, and cribriform plate areas and infiltrated into the surrounding tissue and brain. None were seen attached to the dura or compressing the brain like most superficial intracranial meningiomas. The acute neurologic signs in dog 3 (acute tetraparesis) and dogs 4, 5 , 6, 7, and 8 (seizures) support the pathologic findings and can be explained by the prefrontal location of the tumors; dogs with these tumors do not usually have neurologic signs. Acute changes are produced by necrosis and hemorrhage. We also have found similar clinical signs and pathologic changes in dogs with nasoparanasal carcinoma, adenocarcinoma, and neuroendocrine carcinoma that extend to the brain. Thus it is logical that these generally slow-growing meningiomas developed before the clinical signs appeared after they had invaded and caused damage to the brain. Prolonged intermittent seizures of longer duration in dogs 9 and 10 for up to one year suggest that the tumor was located in the cranial cavity and subsequently extended into the paranasal region. Distant metastasis of intracranial meningiomas has rarely been reported in the dog;' and since there were no other cranial tumors in these dogs, none of the processes joined by desmosomes (arrows) and small intercellular spaces. x 23,000.
neoplasms was considered to be the result of distant metastasis of another meningioma.
The paranasal meningiomas of this study differed from intracranial meningiomas in the dog. According to a previous report' and our unpublished study, intracranial meningiomas develop equally in both sexes. In the dogs of this report, the ratio of male to female was 1 to 2.3. The average age of our dogs was 13 years, contrasted with an average age of 8.9 years in the study quoted. I In the dog, intracranial meningiomas usually remain attached to the dura, and clinical signs are caused by the compression of the brain and cranial nerves but rarely by infiltration of the brain. 16 In our unpublished study of intracranial meningiomas, there was infiltration of the adjoining brain in only six of 28 dogs (24%). By contrast, eight of ten dogs of this study had invasion of the brain and surrounding tissue. Compared to meningiomas of other sites in the dog, all tumors in this series except the psammomatous ones were histologically more anaplastic and exhibited more mitotic cells.
In man, nasal and paranasal meningiomas develop in younger patients (median age, 33 years) than do intracranial meningi~mas.~,~ The sex distribution of paranasal meningiomas in man varies according to the s t~d y ,~,~J~ but in one recent report, eight of 12 (67%) developed in females.'* Sixty to 72% of intracranial meningiomas have been reported in fern ale^.^ Nasal and paranasal meningiomas are highly invasive, but usually do not meta~tasize.~ Review of primary sinonasal meningiomas in man shows that meningotheliomatous meningiomas are more common than the psammomatous, transitional, or fibromatous types.4J2 In our dogs the histologic types were about equally prevalent (Table 1) . Electron microscopic features of one of the meningotheliomatous meningiomas of this report were similar to those described for the same neoplasm in man. 
